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Abstract 
Modern world demands for more and more electric power, but there is a limit for which nature can provide us. In 
order to meet the growing demand for energy, we need to find new resources and allocate them efficiently. This is 
where the concept of smart grid comes into picture. Smart grid consists of a power grid with both renewable and non 
renewable sources of energy like thermal, hydro, wind turbines and  nuclear reactors. It is the duty of the smart grid 
to reduce losses, and thereby meet the demand in a more efficient way. Smart grid will be an automated grid, which 
can route the power from different generating stations based on the demand schedule. The evolution into the smart 
grid is not an easy task. It needs innovation in various aspects like real time demand scheduling, fault detection and 
self healing. Smart grid will have a sophisticated information network, which is separate from the power lines. This 
paper presents a smart grid test bed based on GSM technology which is capable of load management, fault detection 
and self healing. The test bed system consists of automated power switches, smart meters, energy sources and load. 
The communication for the system is achieved through GSM modules. This test bed will allow the implementation of 
various protocols and methodologies, which could be used for researching the problems in smart grid. 
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1. INTRODUCTION 
The power distribution systems are growing at a faster rate in an unplanned manner, with very poor 
power quality. The lack of proper planning, geographical information and real time data makes the 
system, less efficient [1].In order to overcome this scenario, Distribution automation (DA) is essential, all 
over the world [2][3]. This is where the concept of smart grid comes into picture. “Smart grid” enables all 
the devices in the grid, both consumers and utility to independently sense ,anticipate and respond to real 
time conditions  by collecting, sharing and acting on real time information [1]. Simply stated, Smart Grid 
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is the combination and co-existence of Information and control technology over the power grid to improve 
efficiency as well as reliability for the consumers. There has been lot of developments in this field like the 
Feeder Automation (FA) which aid for improved power quality and efficiency. Another important 
technology could be smart metering or Advanced metering infrastructure (AMI), which could operate side 
by side with the communication network. 
 
2. CHARACTERISTICS OF SMART TRANSMISSION GRIDS 
 
Remarkable research and development activities are undergoing both in industry and academia. Some of 
the characteristics needed for the smart transmission grids are discussed below [5]. 
  
2.1 Digitalization 
All the analogue data in the system are converted to a digital reference for user friendly and easy 
operation. The digital platform will aid fast and reliable sensing, measurement, communication, 
computation and control protection. The smart system will be capable of visualizing the various scenarios 
and faults. 
 
2.2 Flexibility 
The flexibility for the future smart transmission grid is featured in four aspects: (I) expandability for 
future development with the penetration of both renewable and non renewable resources (II) adaptability 
to various geological/geographical locations and climates (III) multiple control strategies for the 
coordination of decentralized control schemes among substations and control centers (IV) compatibility 
with the various market needs such as changing the tariff rate based on the demand. 
 
2.3 Intelligence 
A more advanced intelligence is required for the future smart grid. It could be either a centralized or 
decentralization one. Each node is capable of understanding the situations and taking actions accordingly. 
 
 
2.4 Resiliency 
Future grids will be capable of self-healing which prevents the undesired blackouts. The system will be 
capable of reconfiguring itself in case of faults and diverting power through different paths. 
 
2.5 Sensing and measurement 
 Smart sensing and smart metering is essential for the communication networks as well as to have control 
over the grid. GPS time stamping could be done on the data for real time data comparison and analysis. 
 
2.6 Communications 
The communication networks should be adaptive to the communication protocols and technologies used. 
A real time communication system will enhance system reliability and security. Communication system 
must be capable of handling high data rates and should be error free. 
 
3. DESIGNING THE SMART GRID TEST BED 
 
The smart grid test bed consists of mainly four components (I) automated power switches (APS). 
(II) Energy sources (renewable and non renewable). (III) Loads (appliances). (IV) Information network.  
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3.1 System Architecture 
Figure 1 illustrates the architecture of the test bed system. The APS modules act as switches 
which are used to connect sources and loads to the grid. The APS modules can be connected to form any 
network topology like star, mesh and ring. The interconnection of all the APS modules forms the 
electrical grid of the test bed. In Figure 1 three APS modules are interconnected to form the power grid. 
The microcontroller inside the APS module adds intelligence to them. New APS modules can also be 
added to the existing network easily enabling a flexible system to add more number of sources and loads. 
Another important part of the test bed is the Smart Meters, which measures the instantaneous power 
demand and transmit these readings to the APS modules. The entire system can operate in two modes 
either in a centralized control mode or in a distributed control mode, this paper presents a  distributed 
control method so that each APS module have intelligence of its own and decides  the control measures at 
each stage. 
 
Figure.1 System architecture 
 
3.2. Architecture of the information network 
In the smart grid test bed, GSM/GPRS modems are used for the communication channel. These 
modules are configured to operate in GSM mode. Each APS module and smart meter has a GSM modem 
connected to it and is identified by individual SIM numbers. The reason for using the GSM modem is 
that, for transmitting the smart meter readings, small data transfer rates are needed and also the range for 
GSM connection is wider than using any other wireless protocols like Zigbee (802.15.4) or Wi-Fi. Each 
reading from the Smart meter is transmitted as an SMS to the APS module, where the Microcontroller 
reads the SMS from the SIM card inserted inside the GSM modem. Values are read and necessary control 
actions are taken. 
 
3.3 APS design 
The APS module designed have six ports. Ports represent power plug sockets. All these ports 
could be connected either to power sources or loads. The APS modules have microcontroller which adds 
intelligence to the system. The Proposed system uses PIC16F877A, since it is low cost and satisfies all 
the needed requirements. The APS modules are equipped with a RS-232 serial port in order to connect the 
GSM modem. Six relays, controls the six ports of the APS. The relays are driven using ULN2003 relay 
driver IC. At the present stage, the APS needs additional power supply for its working. The 
Microcontrollers and relays operate from this 5 V DC supply. The first port in the APS can be used to 
connect to the energy sources and the last port is used to connect to another APS module. The rest four 
ports could be used to connect the consumer loads or to other APS module. The APS module is designed 
in such a way that if two sources are connected to one APS module, a load could be individually fed from 
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either of the sources or from both the sources. This is done by the operation of the relays. Fig 2 illustrates 
the block diagram of APS module. 
 
 
Figure.2 APS block diagram 
 
Each APS module has six ports (plug sockets). If additional ports are needed, one or two APS modules 
can be connected together and made as a single module. Six relays are used to control these ports and 
they are connected in normally connected (NC) mode. If any port is to be disconnected, the relays are 
operated. All the ports are connected in parallel. Fig.4 shows the hardware of the APS module. 
 
 
 
Figure.3 APS hardware 
 
3.4 Smart Meter 
The smart meter is a vital part of this test bed. The main function of the meter is to monitor the 
power flow between the APS modules. The smart meter is designed by using AD7751 energy 
measurement IC from Analog devices. The smart meter can also be modified into smart energy meter. 
The meters are connected to a GSM modem which transmits the measured power value to the respective 
APS modules and sometimes to multiple APS modules. The block diagram of the smart meter is given in 
Fig. 5 below. 
 
 
RS-232 
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Figure.4 Smart meter block diagram 
 
The meter designed here is a 10 A meter. Two Hall Effect sensors are used to measure currents, both in 
line and neutral and are fed to AD7751 IC. A voltage divider circuit steps down the voltage from 230 V to 
the operational range of the IC. The AD7751 has inbuilt fault detection. If the neutral current exceeds 
12% more than the line current, it means the line is either faulty or tampered. For the self healing 
operation the meter needs to identify the line breakage and inform the APs module. The smart meter will 
calculate the power flow between each APS module and will transmit those readings as SMS using the 
GSM modem. The AD7751 produces pulse output based on the energy consumption. The meter is 
designed for a meter constant of 12800 pulses/kWhr. It was observed that the frequency of the output 
pulse from the IC is proportional to the load. If the load increases, the frequency also increases. In order 
to find the proportionality constant, the meter was connected with a set of loads and for each of the loads 
the output pulse was taken and analyzed. The loads connected were 60 Watt lamps, soldering iron and 
laptops. Figure 6 and Figure 7 gives the output pulses for different loads.  
 
 
 
Figure.5 Output pulse for 60 W lamp 
 
Comparing the time gap between two peaks of the pulses, the proportionality constant was found out to 
be 540 approximately. For 60 W, the time gap was 9.700 seconds and for 120 W, the time gap was 4.760 
seconds, approximating from a set of readings. 
 
P α (1/T)  
P=540/T 
P=power 
T=time gap between the pulses. 
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Figure.6 Output pulse for 120 W lamp 
 
 So when the output pulse from IC is given to the microcontroller, the time gaps between two consecutive 
pulses are calculated. And 540 divided by those readings gives the power consumed by the load at that 
instant i.e. the total demand at that instant. This demand information is transmitted via GSM to the 
respective APS modules. We can easily convert this power meter into an Energy meter, for that all we 
need to do is to count the pulses and 12800 pulses corresponds to one KWhr. The basic circuit for the 
meter was obtained from the IC manufacturer [12]. Modifications have been made in the circuit  to 
incorporate the specification of test bed system . 
 
4. TEST BED VALIDATION 
 
4.1 Load management 
Load management is an essential aspect of smart grid. The system should be able to manage the 
loads. Based on the generation available, this can be done in two ways 
 
4.1.1 Priority based loads 
4.1.2 Demand schedule based 
 
 Proposed system uses priority based load management. Priority based management means that the 
loads in the grid are given priority based on the type i.e. industrial loads, lighting loads. The functional 
block diagram of the system is shown in Figure.9.The system consist of two APS modules which are fed 
from a single source and the source shares two loads. Out of these two loads considered, one is of high 
priority and the other is of low priority. 
Source 1 feeds both the APS modules and the loads connected to it. The smart meter transmits the 
power readings every three seconds. If the smart meter reads a reading which is greater than the 
maximum capacity of source 1, the meter will transmit these readings to both the APS modules. The 
second APS module will extract power readings, from the SMS received by the GSM modem. The APS 
will compare the power readings, and the APS modules know the maximum capacity of source 1. When 
the power reading from the meter is less than the maximum capacity of source 1, the APS module will 
turn on load 2. If the meter reading is greater than the capacity of source 1, load 2 is disconnected from 
the grid. If load 2 is disconnected and still the meter reads a reading higher than the capacity of source 1, 
it will disconnect load 1 also from the grid. When both the loads are disconnected from the grid the APS 
module registers that the loads are disconnected. When the reading goes back to a low value the loads are 
connected back. Thus load management is achieved. Also if there is any fault in the load, the smart Meter 
will detect the fault. The loads used here were lamps of 60 W rating and a soldering iron of 25 W rating. 
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Figure.7 Load management based on load priority, block diagram 
 
 
4.2 Self-Healing 
Another important aspect of the smart grid is the self healing capability of the grid. The grid will 
identify the fault in the line and re-route the power so that the region after the fault is prevented from a 
blackout condition. 
The smart meter in the test bed is equipped with a sensor, to sense the transmission line 
breakage. If the meter senses a fault, it will pass the communication to the respective APS modules 
through SMS. In order to test the self healing capability we are assuming that the APS2 is connected to 
the grid but no power is being transmitted through it. The power flow is from APS1 to APS3 only. And 
then we are creating a breakage in the connection between APS1 and APS3. When there is a breakage in 
the connection the smart meter connected between APS1 and APS3 will detect this sudden voltage drop 
and it wil sent as SMS to APS1 and APS3.The message content is 0.000, on receiving this zero message 
both the APS modules will identify the meter from which they received the Message. This is done by 
checking the SIM number. Then the APS modules will check for an alternate route to transfer the power 
flow. In this case Both APS modules knows that APS2 is connected and not used so APS1 and APS3 
closes the connection with APS2 and power flow is re-routed. Figure 10 and Figure 11 explains the entire 
process of self healing.  
Once the breakage in the line is removed, the meter will sense the rise in voltage and sends back 
that information to the APS modules. On receiving this message the APS1 and APS3 disconnects the 
connection with APS2 and the power flows in the previous direction from APS1 to APS3. Thus for short 
line breakages the self healing capability was achieved. 
 
 
Figure.8 Self-healing normal state 
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Figure.9 Self-healing Power re-routed 
 
 
5. CONCLUSION 
 
Thus the novel smart grid test bed was designed for load management and self-healing, which worked 
efficiently in single phase. This work could be extended to three phase system also. The smart meter can 
be easily modified into a smart Energy meter. The system is designed in such way that any other wireless 
technology like Zigbee or Bluetooth could be interfaced for future implementation. 
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